ABSTRACT Seventy-two veterans with traumatic brain injury (TBI), posttraumatic stress disorder (PTSD), or both participated in assessment procedures to evaluate between group differences. Half the sample was randomly selected for magnetic resonance imaging (MRI). Neurologic examinations were conducted using the Neurologic Rating Scale (NRS). Neuropsychological measures included the Paced Auditory Serial Addition Test (PASAT), Rey Auditory Verbal Learning Test (RAVLT), Conners' Continuous Performance Test II (CPT II), and Halstead Impairment Index (HII) including the Booklet Category Test (BCT).'Data were analyzed using linear regression. Participants with moderate/ severe TBI were significantly more likely to have trauma-related imaging findings, and more severe TBI predicted lower scores on the NRS. No significant between-group differences were identified on the HII, PASAT, RAVLT, or CPT II. TBI group performance was significantly better on the BCT. More severe TBI predicted abnormal imaging findings and lower NRS scores. Hypothesized between-group differences on neuropsychological measures were not supported.
INTRODUCTION
Military personnel are returning from current conflicts with symptoms related to posttraumatic stress disorder (PTSD) and/or traumatic brain injury (TBI).'"' Complaints are frequendy shared between these two conditions (e.g., poor attention, irritability),^-* thereby complicating differential diagnosis. Separately, understanding of PTSD and TBI has been advanced by study of neuroimaging, neurologic, and neuropsychological findings. However, published data are not readily available for those interested in using common clinical neuroimaging, neurologic, or neuropsychological tests to differentiate between those with TBI, PTSD, or TBI and PTSD.
In TBI survivors, structural neuroimaging is a mainstay of clinical evaluation, providing information on the nature and location of injury.^ Magnetic resonance imaging (MRI), T2 gradient echo (GE), is recognized as the most useful sequence for detecting deep white and gray matter hemosiderin deposits that reflect small petechial hemorrhages associated with diffuse axonal injury.'* Structural neuroimaging techniques have also been employed in the study of PTSD. Areas of focus include the frontal cortex' and hippocampus.'" Findings suggest decreased volume in both regions.'•"' Neurologic examination post-TBI discloses a wide range of deficits that vary depending on severity and injury location. Despite frequently endorsed complaints after mild TBI (e.g., headaches, fatigue, irritability, dizziness, memory, and attention) hard neurologic signs are generally not found. In those with more severe injuries, findings typically include variable cognitive, emotional, motor, and sensory deficits representing damage to the brain and cranial nerves. As for PTSD, Gurvits et al." found no hard neurologic signs, but observed significantly more soft neurologic signs in those with PTSD than in those who were unaffected. Combat-unexposed twins also exhibited these soft neurologic signs, leading Gurvits and colleagues'^ to conclude that this subtle neurologic dysfunction represents an antecedent familial vulnerability, and as such is not acquired.
Many TBI survivors, particularly those with more severe injury, cope with long-term neuropsychological impairment in the areas of attention, memory and learning, executive function, language and communication, visual-spatial skills, and processing speed."'" Although after injury, specific areas of function appear to be most vulnerable," impairment patterns tend to be person specific.'^ With regard to neuropsychological aspects of PTSD. findings have been mixed. Whereas some researchers have noted small to no differences in neuropsychological performance between individuals with and without PTSD.'*"'" others have identified impairments in sustained attention, memory, working memory, and processing speed. ""^^ Work by Leskin and White^' suggests that executive function deficits related to PTSD may be subtle and not always identifiable when using traditional neuropsychological measures. The discussion regarding PTSD and neuropsychological functioning is further complicated by findings that suggest that cognitive dysfunction secondary to decreased hippocampal volume may represent a preexisting vulnerability to developing this psychiatric disorder.^''
To generate a basis for future research, our hypotheses were: (1) veterans with TBI will have significantly greater impairment on measures of neuropsychological function and neurologic status, and more trauma-related neuroimaging findings than individuals with PTSD alone, and (2) veterans with both TBI and PTSD will demonstrate significantly more impairment on measures of neuropsychological function than those with either TBI or PTSD.
SUBJECTS
Characteristics of the 72 veterans are presented in Table I . All participants completed the neuropsychological protocol, including 27 with a history of TBI, 13 with PTSD, and 32 with both (TBI plus PTSD). An MRI scan of the brain was conducted for half of the participants (standard T1,ÍT2, and T2 GE sequences). To address the issue of possible group differences, participants were randomly selected for MRI. Sixty-seven participants (26 TBI. 13 PTSD, and 28 both) were examined using the Neurologic Rating Scale (NRS).^' Attrition accounted for the missing 5 NRS exams. ;
Injury history was obtained through interview and chart review. Presence of TBI was determined by the firsthand second authors using criteria set forth by the Centers for Disease Control;^'' however, blast was also included as an acceptable means of injury. Severity was categorized by the second author as mild, moderate, or severe according to initial Glasgow Coma Score, duration of coma, loss of consciousness, historical imaging results, and/or length of posttraumatic ! amnesia (Table II) ." Participant TBI classification was deterrnined on the basis of the subject's lifetime history of most signincant injury. Time since most severe TBI (n = 59) ranged from 1 to 53 years, with a median of 23. Eight of the 59 (13.55%) TBI participants had a lifetime history of two injuries, and 4 of 59 (7%) had sustained three lifetime injuries. tified a specific year since the earliest and/or most clinically significant traumatic event (n -38). For those with both TBI and PTSD (n = 32), the following linear relationships were reported: in 13 (41%), the earliest or most traumatic event antedated the TBI; in 11 (34%), trauma postdated the TBI; and in 8 (25%), the injury and trauma occurred during the same year, or secondary to the same event.
METHODS

Setting
This study was conducted at a Veterans Affairs Medical Center serving individuals from rural and' urban areas. Veterans receiving outpatient and inpatient services for treatment related to TBI and/or PTSD were eligible for participation.
Recruitment
Approval was obtained from the institutional human subjects review board. Exclusion criteria were: (1) a history of neurologic disease other than TBI; (2) sleep apnea, schizophrenia, psychosis, or bipolar I disorder; (3) Beck Depression Inventory-II (BDI-II)^' scores that were more than 2 SD higher than a historical mean of scores obtained by individuals participating in the medical center's PTSD Residential Rehabilitation Program; (3) a Computerized Assessment of Response Bias (CARB)'" performance of Type III or IV; (4) SCID-IV^" responses that suggested substance abuse in the 7 days before participation; (5) legal blindness; (6) current guardianship or mention of recommendation for guardianship in medical charts within the previous 6 months; or (7) inability to complete the process of informed consent or MRL Fourteen participants were consented but did not complete the protocol. Twenty-one were excluded for other reasons: history of other neurologic disease (1); sleep apnea (4); mania or psychosis (4); elevated BDI-II scores (3); CARB Type III or IV performance (8); or inability to undergo MRl (1).
Procedures
Neuropsychological testing order was randomized. Every effort was made to facilitate subject completion of the neuropsychological test battery, neurologic examination, and MRl during one visit.
Measures
Neuropsychological instruments were administered by psychologists or trained research assistants under the supervision of the first author. SCID-IV^^ modules were used to identify psychotic, substance abuse, mood, and anxiety disorders, including PTSD.^' The BDI-IP' was administered to clarify severity of depressive symptomotology. The CARB^" was used to assess performance effort. Two physicians, both blind to patients' medical history, completed a structured neurologic examination, the NRS (100-point measure).^^ Adequate interrater reliability between the two physicians was established using a Pearson's correlation coefficient, r = 0.461.
Thirty-six participants were randomly selected for a brain MRL A board-certified neuroradiologist, blinded to the medical history of the participants, read the studies. Determination regarding evidence of traumatic MRl findings was based upon presence of either encephalomalacia or GE identified hemosiderin deposits.
Data Analysis
Demographic characteristics across the three groups were compared using Fisher's exact tests for categorical variables and a Kruskal-Wallis test for age, as data are right skewed. Data are reported as means and standard deviations (SD), medians and ranges, and percents, as appropriate.
The probability of trauma-related findings on MRl was calculated for participants with PTSD only, TBI only, both, and any TBI (includes all TBI only and participants with both). Fisher's exact tests were conducted to compare the proportion of trauma-related findings on MRl among those with TBI only (any severity) versus both (TBI, any severity, plus PTSD), and any mild TBI versus those with any moderate or severe TBI.
Linear regression was used to model NRS scores as a function of the three group variables of interest, history of TBI only, history of PTSD only, and history of both. Age, gender, the interaction of categorical TBI severity (moderate and severe) with TBI group membership (TBI only and both), and lifetime problematic alcohol and/or drug use were also included in the model. A full model incorporating all variables was first employed, and, as group comparisons were of interest, the group variables were forced into the model. All other variables were selected for the final model on the basis of backward selection from the full model.
Linear regression was used to model performance on neuropsychological measures as a function of the group variables, history of TBl only, history of PTSD only, and history of both PTSD and TBL Covariates included BDI-II scores, the interaction of categorical TBl severity (moderate and severe) with TBl group membership (TBl only and both), history of lifetime alcohol use, and history of lifetime drug use. Ethnicity was included in all models. In addition, CPT and RAVLT models included gender and education, with age also being incorporated into the CPT model. The final model was determined using the same backward selection procedure utilized for the NRS model.
All analyses were run in SAS v9.1 (SAS Institute, Cary, NC) and assumed a two-sided test of hypothesis with an overall significance level of 0.05 unless otherwise noted.
RESULTS
Magnetic Resonance Imaging
The probability of trauma-related findings by group category with 95% confidence intervals is presented in Table III . Participants with TBl only were significantly more likely to have MRI trauma-related findings than those with both TBl and PTSD (p -0.006). Probability analysis supported clarifying the probability of trauma-related findings for all individuals with a history of TBl (i.e., collapsing the TBl only and both groups into one). After combining the groups, those with moderate or severe TBl were more likely to have traumarelated findings than those with mild TBl {p = 0.0001). Neurologic Rating Scale , The final model included severe TBl such that NRS^ scores were significantly lower (-7.4; 95% CI: -13.0, -1.8) for those with a severe TBl regardless of PTSD diagnosis (i = 2.63, df = 63, p = 0.01). Controlling for the effect of TBl severity, the overall test comparing PTSD, TBl, and both failed to achieve statistical significance (F = 1.44; df = 3, 63; p = 0.25).
Neuropsychological Measures \
For the HII, the final model included an interaction between the "both group" and severe TBl such that four groups wei-e compared. As this was a simple one-way ANOVA, Levene's test of homogeneity of variance was performed and was found to be significant. Therefore, Welch's variance-weighted ANOVA was run. There was no significant difference between the groups (F= 1.49; df = 3,11.96;p = 0.27). Given the small sample size in the both group with severe TBl (n -4), thisi finding may be the result of a lack of power. For the PAS AT, R A VLT, and CPT II, similar results were obtained in that the overall test failed to achieve statistical significance. The final model for the PASAT and RAVLT included only the three 'groups, which were not significantly different (PASAT: F -1. For the pairwise tests with a Bonferroni adjustment, TBl was greater than PTSD (p = 0.03) and TBl was borderline significantly higher than both {p -0.05). Estimated mean group scores for the NRS, HII, PASAT, RAVLT, CPT-II, and BCT are presented in Table IV . ' DISCUSSION Significant differences between veterans with TBI; PTSD, and TBl and PTSD were not identified on the HII, PASAT, CPT II, or RAVLT. Significant between-group differences were found on the BCT, with the performance of the TBl group being significantly better than that of the PTSD group. Although these measures assess multiple domains pf cognitive function (e.g., learning, executive functioning) our findings did not support our hypotheses regarding the impact of TBl alone or TBl plus PTSD on group neuropsychological test perfortnance. However, exploratory analysis suggested that participants with more severe TBI had more abnormalities on neuroimaging and neurologic examination. Those with moderate or severe TBI were significantly more likely to have trauma-related findings on MRI than those with mild TBI (p = 0.0001 ). PTSD diagnosis appeared to have no impact on trauma-related neuroimaging results. This was highlighted by the fact that the three members of the both group with positive findings on MRI had injuries that were moderate to severe. Similarly, NRS scores were significantly lower for those with severe TBI, regardless of PTSD diagnosis {p = 0.01). Though the imaging and neurologic examination results were hypothesized and not surprising, they do suggest between-group differences not identified with neuropsychological tests.
Research has suggested that specific areas of cognitive function are more susceptible to decline post-TBI, with executive function, processing speed, working memory and attention, and memory most often implicated after mild TBP* and verbal learning, complex attention, and executive function most vulnerable after severe TBI." Although cognitive impairments related to PTSD may be limited to specific domains (e.g., attention, memory, and executive function)¡"-^t here is substantial overlap of the impairments associated with PTSD and TBI. Neuropsychological measures in the context of a comprehensive evaluation are often useful in clarifying cognitive strengths and weaknesses, but using results alone to facilitate differential diagnosis may be problematic. That is, despite differing etiologies of common deficits and clinical expectations regarding performance of those with TBI versus PTSD, neuropsychological measures may not capture between-group distinctions. Future research is warranted to identify sensitive neuropsychological measures or methods to evaluate specific areas of function mediated by areas of the brain hypothesized to be impaired."
This study was exploratory in nature and as such has limitations. Although the sample size is modest, the concept of using neuroimaging, neurologic examination, and neuropsychological testing to assess the combined impact of TBI and PTSD is novel. Moreover, as a control group (non-TBI/non-PTSD) was not included, T-scores for most of the neuropsychological measures were used to facilitate comparison. Replication of this study with the inclusion of a control group would prove useful. Comorbidities represent a significant challenge in the study of neuropsychological functioning and PTSD in that they can confound or obscure cognitive deficits." The same could be said for our sample. Participants in all groups endorsed nontrivial histories of substance abuse (see Table 1 ), depression, and medication use. Efforts were made to statistically address the impact of substance use and depression, as evidenced by findings suggesting that performance on the CPT II was negatively impacted by a history of problematic drug use, regardless of PTSD or TBI status. Medication use (prescription or over the counter) was not addressed. Generalizability to a civilian population may also be limited.
For individuals who served in combat, the linear relationship between TBI and PTSD may be unclear. For some participants in the current study, the TBI event was also the precipitating PTSD event. Exposure to psychological trauma predated TBI for some, and for others the linear relationship was opposite. Including subjects with such histories increases the generalizability of findings. Further research regarding the natural history of co-occurring PTSD and TBI is indicated. Although the acquisition of TBI and PTSD for our participants was not always simultaneous, findings supported previous work regarding an increased rate of co-occurrence in those with less severe TBI (Table II) .'''«' For many participants, the onset of PTSD and/or time since TBI is distant. Replication of this study with participants with acute injury and/or PTSD is warranted.
COMMENTS
To increase current understanding regarding PTSD and TBI, this study was conducted to identify potential differences on common clinical measures (neuroimaging, neurologic, and neuropsychological). Whereas more severe TBI predicted abnormal imaging findings and lower NRS scores, hypotheses regarding between-group differences on neuropsychological measures were not supported. Results from this study highlight the need for continued work aimed at meeting the needs of veterans.
